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STATUS OF LOS ALAMOS EFFORTS RELATED

TO HIROSHIMA AND NAGASAKI DOSE ESTIMATES

Paul P. Whalen

Los Alamos National Laboratory

Los Alamos, New Mexico 87545

September 1981

AHSTRACT

In an uncla.sslfiecl summary fashion, the Los Alamos

efforts related to resolution of the Hiroshima,

N,lq,~saki doses will !Ic dcscrlhcd.

1. Yield of the Illrosl]l,rndI]omh
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2. Neutron and G~..,ma-Ray Output

Two-dimensional calculations of the neutron and

gamma-ray out: dts of the Hiroshima and Nagasaki

weapons are in progress. Neutlon and gamma-ray

leakage spectra measurements will be made at the LACAF

on the Hiroshima replica in a near critical conf~gura-

tlbn. Similar measurements have been proposed on the

Mark 9 we~pon and on the Ichiban assembly. These

measurements, riladewith modern techniques, will

provide a check for present day cross sectiol,s and

calculi]ttonsa

aJ. Air Transport ~nd Ground tffccts

Calculations of several alr tr~nsport experi-

ments art! in proqress. Comp(lrison t~f c~l[cu]atcd

results Wltlt cxpcrlmcntd] rcsul.ts drc shown.
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calculations will allow infidelsof the debris cloud .

contribution to the t.otai dose to be tested.

Calculations have been completed for Ranger Fox and

for Upshot-Knothole Grable.
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1. INTRODUCTION

Thz neutron and gamma-ray doses assigned to the atomic bomb

survivors at Hiroshima and Nagasaki must be accurate within scme

limits if conclusions drawn from studies of the survivors are to

have value. The doses recej,vcd by the survivors depend upon the

y!.elds of the bombs, the specific radiation outputs of the bombs

and of the bomb debris and the transport of the radiation through

tllc air and shieldi,,g around each survivor. In addition the

self shieldlng of the tJG(lyis importclnt for many biological

effects.

The accuracy of cash element of the rlosc assignment must be

demonstrated by com~~iirlson of pertinent Cd~CUliJtUd and observed

(1(lt(1

ptlys

das(!

from olher experl,m(:nts and Nevada tests as well as with

C(I1 diita from Hlroshim~ and Naqas,lkl. To help in deriving

asslqnmcnts ill](t(Jcm~llstriltll](~thclr accur~icy, a smtlll

proqr,lm Ilas i)ccn started at Los Alnmos. ThJ,s program is aimed at

hr,lpinq rcsolv(! the qIi(:5tloII of tl~c ytold of the lllroshlma bomb,

provl(llnq two-(llm(?r]slollill11(’lltrol},1!1(] (l,lllllllil.r,ly CJIJtl)lit, for the

Illro:,ltlm,l,111(1 N,i(j,ls,lklhoml)%, (!xtlmlnlrl(~Lhc v.]ll(llty of dir

Lr,ln:,l)ortc~llc(lltll.lolls,111:1 provl(llnq nclItr(}n an(l qammd-rdy output

fl)l 5omc s(!l(:(:L(!(INrv,l(l.it(’sl shol.s -() thilt,tll(!d:;cilracy Of dose
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and spectra calculations can be demonstrated by comparison with
.

observations.

The goal of the Los Alamos program is to provide that missing

weapons data which will allow the accuracy of dose calculations

to be demor,strated.

11. YIELD OF THE HIROSHJ.MA HOMB

The bomb exploded at Naqasakl, the Fat Man, was a des[gn

th.lt has hccn fired in test situations. Ylcld data is availahl.c

from test firings of three wedpons nomln~lly identical to the

N,lgas,,ki bomb, allowing good estimates of the yield of the

Nagasaki explosion as reported by ‘Iohn Mallk in this symposlurn.

The t)omh exploded at lilroshlmd, the L1.tLlc [Joy, was of a

r~dlcdlly dlffcrcnt Ilcslgn. Thcr~; h,lvc hcon no otllcr test

flrlnqs of the Iilroshl.ma type wcapml dncl nu yield mc~surcments .

llstlrn.ltcsof t.hc yJcl(l of L:lc Il[roshlmd (!xploslon by dlffcrcnt

lr]vustlqlllors IIS1n(l dlff(’rent l)lLs of d,It,Ih[lvc rdnqcd hctw(?[!n1

dn(l 20 lit.dlso (1J rcport(!(l by M,il.lk. rh(! yicl(l I)ri!(ll(>t(!llfor the

l+lro~hlm,l (!xl)losl,cII~W,IS 15 kt (Schlff, 1!J4>),
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Obviously, if the bomb could be designed and the yield predicted

in 1945 with the data available then, the yield can be calculated

now with the wealth of data and calculational tools available

now. However, as is often the case with good ideas, there is a

problem with this one. All of tie data available ill 1945 is no

longer readily available or is expressed in terms not suitable

for our current calculational schemes. One of the crucial -

indeed critical - numbers available In 1945 is missing. This iS

the number that determ.!nes the criticality of the Little Boy

assembly. Of course, the actual value used in 1745 for the

infinitely tamped mass of 23!)U is available as is the 1945

estimilte for the criticality of Little Boy. \Vhat is missing are

cnollgh details of the experiments and experiment analysis to

cstim~te the accuracy of the quoted values. And one very useful

mf:[lsurcmcnt was never m,]de in 194S.

The yl~:ld of the Hlroshlmii bomb is very Scnsltivc to the

estlmdte of crlticdllty. 5cnn1tlvlty calculations (Islng a number

of cross s(!cL [on sets ~iv,lil.~l)lc,iL Los Al,lmos rcsllltcd in ,]

spr(~,ldof ylrlds from H 1(J 24 kt. Uslr-i:; .1 Lillt)sct of (Jcncrally

fl(:(:(!pl.(:(1cros5 sect 101]s r(!3111tr(lin ,1 spr(:.1(1of c,llc(l!.ltl!(lylclds

from 17 Lo Iti kt. Thcs(! w(?r(’Str!ctly S(!llslt[vlty Stll(llcsWith

110 Slqn [t’l.c,ln(!(!LO 1)(! (11,t.,l(!h(!(l to tll(!C(’lltrlll Vdlllc.
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Nuclear archeology at Los Alamos would pro biibly tllrn up
.

enough details of old experiments and analysis so that~ coupled

with a fairly complicated calculatlonal program and perturbation

acalysis, a good theoretical estimate of the Hiroshima yield

could be pro~uced. This estimate, however, would be subject to

fairly large uncertainties I>ecause of the many steps in the

calculational program.

Fortunately, Los Alamos is in a position to prouuce a

theoretical estimate of the maximum yield of the Hiroshima

exploslon that is accurate to the no”,,inal 10% qucted on directly

me,ls({rcd yields. This will be accomplished by doing the

criticality measurement that was not done in 1945. The

measurement will he done in the Los Alamos Critical Assembly

;:aclllty (LACAF). The Los Alfimo~ Critical Assembly Facillty is

set up to iillow two pleccs of fissilc material to bc brought

sdf(:ly to(lcther into a critical conflquratlon. Most of the

crltlctll mass data available to the tluclcilr (.omm(lnlty was

pro(lllc(:din Lhls f.]cillty.

[n M,ly of 1981, follr ol)J(!ct.s were locdtr(l in f[cl(l sLurcl(]c

(1L 1.os Al,]mos. Tht-(:eo: th(:sc ol)Jc(:tsw(:r(:l,ltur ld(?n~[flc(l by

Il[lrlow11u5s, d retlr(!d cmploycc, il~Ilon-flssllc coml)oneni~ of

Llttl(: Ih)y W(!,l~)oll!j which 11,1(1 IJ(:CII r(!Llr(*d from stockl)l1(I.
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The fourth object was a trainjng device without the proper

materials. Harold Agnew, the former Director of the Laboratory,

had wisely stored these four saml)les. These components were

transferred tc the LACAF.

After the publicity in 3une concerning the Hlroshima-

t. asaki doses, it developed that several people in the

Laboratory kn?w of the exi=+?nce of these components but had not

been aware of any intere;i in them.

Fissile parts have been ordered which will allow a direct

experimental determination of the criticality of the Little Boy

in the LACAF. With this information, a calculation of the

maximum yield is straightforward. The calculated yield 5.s of

necessity the maximum yield because of the possibility of a

malfunction of the Hiroshima bomb. Even wltll this limitation, an

accurate theoretical value for the maximum yield will be very

valuable. A low theoretical value cxclu(les the higher yields

lnf(,red by other techniques. The effect of ,1lIlglItllcorelic~l

vdltJe 1s not so clc(lllol+ow(:ver,a high thcoretlc~l vnluc for the

ylcld would indlccltc with high proh,lblllty that ~cchniques which

lnfcr lower yields should hc crltl(’t~lly examined.

At this point, it alw,lys tq)pc,]rs th,it the direct solution to

tll(! qll(!st 1011 of tl~c! Illrosh [m,] y[(?l(lis to simply ftrc onc of the



Little ~0> rf2pliC3S arid mP~slJr~ tFIIE >ield. Ttlis is easier Said
.

than dofie Because of trie problerrs OF me.~slJring ,ields of triis
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111. NEUTRON AND GAMMA-RAY OUTPUT

Los Alamos is doing two-dimensional calc[!lations of the

neutron and gamma-ray output spectra of both the Hiroshima and

Nagasaki bombs. The Hiroshima bomb calculations are in pro-

gress. The Hiroshima bomb was much more two-dimensional than the

Nagdsaki bomb which was nearly spherical. Thus more interest

attaches to thl’ Hiroshima bomb calculation.

Calculations of the neutron output of the Hiroshima bomb

were done by W. Hlggers of Los Alamos in 1962 with llmited

relctlse to the effects community. No report of the results nor

oth(:r documentation of these calc{llations has t)een found. Some

records may exist in dead stor~ge. These calculations are

mentioned only beca~..c the rrcutron output appc,lrs to have be~n

US(:(Jbefore for dose estim,ltcs ~t Hirosh.lma.

[n 1975, W.E. Precq of Los Alilmos dld ollt:-[limerlsior~.~1

(spllcrlctll) cillcllltltlonq of the nr!iltrnn dn(l gdmm,l-r.ly olitplrt

sp(:ctr,lof both tll(?Illroshl rlll]Ilrl(lIl,l[ltl!j.lklI)f)ml)sfor inclusion in

thn l)cfrns(!Nuclr,lr Aqnrlcy (1111A)c111s51rl~!d tl~lcl(?dr W(”dporls

OIILput Hilndl)ook . Thns(! otitl)tltspvctrt~ W(?r(! d(:(:ld5Sir1(d I)y th~

[)()!. [r] 1!)76 ,Irl[lp{il)l[nli(~tl,IS ,1 l(~tl.(:r to C.IJ. I(IIOWICSO Il(!cilusc

—... ---- . — .. ...-— —— -.. . .
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these output spectra are the starting point of all of the
.

re-analyses of dose which have beer-rdone to date, the letter is

irlcluded as an appendix to this report.

In the Preeg letter, in addition to the output IIilta,dre

comparlson~ of dose ~s a function of distance with the dose

inferences of Hashlzumc et rjl. The Prccq doses arc not v~lld.

The doses were not calnulatcd in an dLr-Ov(?r -(.JJ-()!.rrld geometry but

came from d mode! for lnf[nlLr! air Lr,lnsl)ort dIld w(’ (’ done for

dry dir, ti)(?dcbrls contrlb(lt ~o!l L() Lh(! ,j(lmma-r[]ydose was not

included ,In(lthe !Jtl(jas,]klt~(:lqhtrJf I)llrstw~s lncorrcct. This Is

dll poll, t(!(l oiit I’i 1.1)(’ lcLL ‘r. Tll(’ (If)sr ,,111(:(11, itlorls w(!rv not

pursuc(l fllrth(.r.

I!lt! t,wo-(1lm(,r}!l Iorlqll 011 Llll Jt (!,ll(:llll]l i~lll’;Ilow l)t’IIi(j(l~)rl[*wi II

,11low (:ompl]rl !;o II:; lo I)(I 111,1(1[’ W1l.11 ,If:t I VIII, 1(}11 11,11,,1 I’rom l()(’lit lollfi

cl ()., r to (Irollll(l /(’ro . Ilf’(!.lll!if’ 01” t Ill’ ,1111 !;(ilrl)lly or 111(’ 0111.I)IIL Or

—.



-12-

thc Hiroshima bomb, these comparisons could not be made before.

Ihese comparisons will be a new test of the validity of the

calculations.

To provide calit)ratlon data for tt.c output spectra calcula-

tions, neutron and gamma-ray spectra me,isurernents will be made at

the LACAF on the Hiroshima replica in a near critical conflgu~a-

tion. These meiisurernents, mrldc with the best techniques

dvilllclhlc, w1ll provldc yet anoth(sr check of codes and cross

smctlons. Thc! spcctrii mcnsur(!d ,lL thr LACAF on a cold static

dsfi(:ml)ly ,Ir(: I}OL th(! spectr,l of ,111 (!Xl)i.\;i;iil~ homh. Hlqh enerqy

rl(!!:trolls (:11111.1[1 o!it of Sill cxplodillq homt) p(:n(:trlltc d co:lstantly

(:hllllq 1111] Lhlckncss of m(ltcrldl . Low (!ncruy neutrons In an

(!\I) I0111n[j homh (!xpvr I (:ncc ,1 t.hormtil. (:t~vlrollmcnt v(:ry different

from t.li~s Lh[:rm Cll rnvl ronmrilt, of d 3L,ILI(’ dssnml)l y. Sp(!cl. ,11

l}lir~)l)nt! (S04(Y~ tl,lvt! hf!(!ll d(’v(! I op(!d 1.() Ilillldl(: LIIP3C? rff(’(!t. s.
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Measurements on the Ichlhan assembly wuuld resolve a long
.

standing buc little known problem. In addition to there being

two different calculated neutron speccra for the Ichlban

experiment (which has been reported), there were two dlffcrent

neutron dose measurements made on the Ichihan assembly. Only oce

of the measurements was rCTJOrtCd. Ilodcrn mc,~sllremcnts would

clear up the discrepancy.

Iv. AII{ TRANSPOI{T CALCULATIOIIS
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the~e experiments a pulsed source of DT neutrons Is generated in

the center of a sphere of the material to be tested. Neutrons

emerging from the surface of the sphere are counted by time-of-

flight techniques. Typical results from these calculations with

ENDF cross sections were that calculated and measured total

neutron flucnce bctwccn 2 and 14 MeV agreed to better than 10%.

Ilowcver, discrepancies up to 50% were seen in sub intervals of

the cncrqy spectrum. Gencrdl.ly, ttlc cnlculatcd fl~lences were low

at hlqh energies and high at low C1.cr(ji(?s. The result.s of a

typical calculdtlon arc shown In Flqlirc 1 with the tlmc-of-fltght

sl)(!(:trllm lIL the tol) nnd tl:f? (!nrrqy spcctrlim at the I)ottom.

(’,IICIII,IL1OI1S done uslIIq lhu I.LNI. cross ?[:ctlofls prodlic(!(l better

comp[lrlsnnsr prol~llhly I)cci]usv tllr5i: r!xporlm(!nts h91d I)crn uscfl in

thu normdll Z,I1 [on of LIIC 1.1.111. cr’os!i sct!t [O IIS. Iv(!n so9 Flqurc 2

%Ilow.s dl s[:rvl),incl us or 10!YJ Ill Lot(ll flllt!lic(’ IJI!I, W(!(’11 ? 1111(1 14 M(:V

11IId [llfl(:r[’1).ill(:lt!5 of’ J()’11 111 5111) lllt. rl”v, ll% III uompiirl rions ot MCNI’

f:9\lolll(It. lon?i II filllq I I. 111. [!ro!i!i 3( ’[!1. I 011:; ,111[1 m(!llfilirvmrntn of ii

I I (111[ (I c11 r 1)11I !;(’(1 sl)hvr~i t’xp(’rlmrnt (!; ldhlit l:17~)m
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neutrons from a port In the Tower Shielding Reactor 11 impinged

on one end of a thin cyllnder of the material under

Invcstigatlon. Neutrons emerging from the other end of the

cylinder were counted in an energy discrimination mode. The

result is ii rather clean trnnsmlssl.on cxperl.mcnt. Aqain,

calculations witl~ ENDF cross sections of the nclltron Eranmisslon .

throuqh I.i,qutd oxygcrr and nltroqcn were rlisclppolntlnqm The

Ci]lcul{ltc(l flllcncc tended to 1)(! low nt hiqt} cncrqlcs. I 11

addlLlon9 Lhc c,)lculiltcrl valleys tn the Lriinsmlttt!d fllicncc

throuqh nltroqcn did not aqr[![! [N m,l:;r~iLlltlc (fnctor of two) nor

in cnf!rqy ( 10%-20’%) with hhc ohsorvcd vall(!ys. T!:(! cotnpapl sons

of CillClll.11.19n5 wftl~ nt)scrv(l~lnn nr(! !ihowri Ill I:lqliru 1. [11 Lhls
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dlfferent groups (Robita~lle, 1960). However, if the lneasure.

mcnts of the different groups arc compared t] the average of all

the measurements, the individual measurements are within -20% of

the average over the energy range .6 NeV to 10 NeV as shown in

F~gurc ~. In contrast, the Lob Alamo~ MCNP calculations of

flucnce using tbc ENDF cross sections fall well outside the 20%

devldtlon from the dverage of the measurements and show a strong

Cnt?rqy dcpcnrlcncl:, Thc LOS Ali~mn~ c,ILculatcd fl{icnce~ are -40%

below th(: i:vcrtlqc of the m(:.lsllr(!m(!nts,]t hiqh cncrglcs and ~40%

nho~c tl~c dv(:r[l(]cat low cn(~rql(!s .1s shown in Fiqur(? >. Also

Sllowlll)rl1“lqur(! S ,Ir(!th~ flli(!ii~t!s (Sill(;lllilt(!(l wlt~l th~ S,l DOT

(:()(It!hy 111(!1)( ’1’(!n5(! l{(!5n,lrcl} I“st,rlhl lsllmcilL Ot:dw, i (l)l{[. ()). The

r III(!IIOOS Cill(!lll. tit, (!(l with nor SIIOW CA,ICLI y tlII! sllm(!pllt.tern vltb

n(!ulron [!llvrqy ,1x Ll]c fl~icncos (:,1 1.(:11I dl. (’d hy t.hr Ilontc Cdrlo

(:()[11’ . “ilI15 Iml) 1,lon 01 l.h(:r I:ht! cronfi xI!(; tlo Ilfi dr[: In (Itlostlon or

111 I I.hr(”t’ of Lhu uxl]ur Imvnl. [:rfi ,Irt: h,ivl IIq [,ht’ “i,imr l]rfll)l~!m.

11(’[:,111%(’ Lll(! rlll. 1(} of [ -11 cll I,il,l!d Lo ol~:ivrvrd r]Ilullc!t!il% il
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completely adequate for the current study of doses. However,

because of the specLral dependence of calculational error
.

indicated by the pulsed sphere and APRD experiments, caution must

be e~crclsed in the analysis of the sulphur activiitlon data.

v. LIEHI{lS OUTPUT
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One-dimensional calculations have been completed for Ranger

rOx.

Other calculations will be completed as manpower permits.

Thcs~ calc~llatlons are not dlfflcult; locating drawings ,ind

spec~flcatlons for these old shots is slow ~nd tlmc consuming.
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Captions for the Illustrations

Figure 1. Spectrum from Liquid Oxygen Pulsed Sphere

Figure 2. 7 nectrum from Liquid Air Pulsed Sphere

Figure 3. Spectrum Transmitted through Nitrogen

Flgurc 4. Cnmparlson of Measured Spectra ,fm~.o~Pl?u Reactor

Fl(jurc 5. Comparison of Calculated Spectra from APRIJ R(?actor
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AF’RD RL’AC”OR NEUTRON SPECTRUM MEASUREMENTS
EXPERIMENT VS. EXPERIMENT AVERAGE
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APRD REACTOR NEUTRON SPECTRUM MEASUREMENTS
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TADLE

9 FAT MAN AND LITTLE BOY

Calculated Yield (kt)

Neutron uutput (molus/kt)
.

Avcrafie Encr;:y Of l,(lilkil}~t~
Neutroliil (NcV)

chmma-lhy Efffcicncy (%)

April 5, 1976

I

DEvlcE $AkUETERS

Fat Man Little Boy

24.9 19.5b

22 14-18.5

4700 4050

0.28 0.21

0.010 0.315

b.095 o.c”i4



c. P . Knwl C!9 -3- April 5 , 1!)76

Xncrzy CrOup
(lk’v)

6.07 - 7.79

3.G8 - 6.07

2.e65 - 3.68

?.232 - 2. R(}5

1.738 - 2.232

1.353 - 1.720

0.023 - 1.353

0. toil - 0.1):!3

0.303 - 0.5C0

0,1 NI - 0.3”)3

6,761:-”2 - 0.11;4

~,/,$1:-p - 6.761: -.2

9.1:1:-3 -“2,4[;1;-2

3.3!11: -:1- !).1:?1;-3

1.2:! 51:-3- 3.3:)K”’3

~,.f/ll:./l - J,~’;:,];..~

J..67I:-4 - 11.’lr,l:. l~

6,1/,1:..q - ],, (,)1;../,

2.2 fIl;-!i - G,.llli{-.!i

C!,:l?l:..(’l- 2.?(,;:..:,

300(’1:”’6 - !l.’’:’1 :-()

1,1:! 1;, L - 3.()[,1 :.()

fi, ]t, ]:..) - 1,.1 :11:”.()

Neutron O: IrmIr— .. ------ ..—. . . . .. . . .—. - —
Fat t!:lll Lit.1.ll! Ih]v—- -- —---- —

1.33K+21

2.74K+21

2.20 E+”21

3:77K+”n

2.9610021

2.85KI”21

5.91;: ”1”21

4.13]:42]

1.971{”1”21

2.031;1.21.

2.46 EI”21.

1, ~t,];l.?].

l,321t.i:!l

1.:;rl:121

1.701: ”1”2].

4.211 :1:!3

1.!)21;1:?4

1.321 :1’?4

6.{1:!1;123

2.]01;1?:)

5.601:1 ?:!

2.:JliI:l:’:!

l.. !jhl:l~?l.

1.0 GK”I”21

7.11.1:-1”21

8.561:+21

1.521 :”1?2

2.351:122

3. OJ1{+22

1.0 J,I:123

2.331;”123

3.61 !;1:?3

3.211 :1;?3

5.40! :1’23

2.311 ;};’3

3, 5:!1;1.;!3

7.77!; 122

5.2!tl; l”:’:!

4.1.:? ;: 1?;?

Jm.] ;J1.’l.:)z

3.:!91 :121.

7*3/, ]:l;q]

w--. ti. ..ti ..

. .. ... .. . . ... -

.. W.._ . ...-

. . .. . .. .. .. ..

.
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C. P. KnowLcs

lhcrfiy Croup

(141?V)..—...— —

9 -,10

u -9

7 -8

G -7

s -G

4 -5

3 -4

2-3

1 -2

0.5 - 1

0.1 - 0,5

-4- April 5, 1.976

.

CA?WA-l{AY C)U”I’I’LIT

cnlmm~--l{:lv fllrllllt——. -. -----.—-— ...--.-—
Rlt I’lnll I.j.t~lu lh~v------------- —. -—

2.371:”1”20 3.251{+2(.),

9. 121:+”1.9 3.07E+20

2,37E+:!2 1.01.EI”22

6.3121H$!I. 2.L!iK”l”21

1,1.1.1:1”2:? 4.f131;i”?l

1.751;1”?2 7.371:”1”21
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The:c arc several pmsible cxplanac~ons for these
Fat Man device (Nagasaki) had a very large output

The transport of these neutrons and the rcsulLing

hpri~ 5, 1976 .

discrepancies. The
of low-energy nrucrons.
gamma-ray production

in the air involves times which arc comparable with the time for f~re-
ball growth. The effect of the fireball growth ~as not considered in
the calculations. Another possibility is that the yield of LitCl@ Boy
(lli~oshima) was considerably lCSS th~n calcul~ccd, as suggesccd in some
of thr references in Table I. This would result in both calculations
being lower than the observed values which would sug~csc an error in
the consemation factors of activation to doso or nertron flux to dose.
Finally, there is some qucst~on of the hc~ght oi burst for Fat ?kn.
These calculations assumed thnt it was 580 m. If Chu height of burst

was only 500 m, the observed anJ calculltud doses would be in much
better agrc!mcnt.
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